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When the eye saccades to eccentric word targets, it tends to land in a position which can be 
described as the center of gravity of the configuration. By manipulating the relative intensity of the 
word-initial and -ending letters, it was shown that the 'global effect' of luminance distribution 
within words is strongly attenuated when the word-initial letters are informative and 
orthographically irregular. Results show that the orthographic structure of the word-initial etters 
exerts an influence on the saccadic omputation that may cancel the luminance distribution effect. 
Saccade Landing position Center of gravity Letter Orthography Word information 
INTRODUCTION 
This paper presents a series of experiments exploring 
how letter information is used to direct he saccade to an 
isolated word. A number of studies devoted to the 
understanding of saccadic eye movements in reading 
have shown that there is a close relation between the 
visual characteristics of peripheral information and the 
position where the eye moves next. The general 
conclusion that emerged is that word length should be 
the major determinant of where the eye lands. Thus, the 
eye generally lands on a location just left of the center of 
a word (O'Regan, 1979; Rayner, 1979). This information 
about word length was shown to influence the saccade 
length up to 15 character positions to the right of the 
fixation point (McConkie & Rayner, 1975). 
During reading, the landing position to the left of the 
geometric center of the word can be accounted for by the 
effect of global visual factors on the oculomotor system. 
Cozen and Hoenig (1972) used the term 'center of 
gravity' to describe the tendency of the eye to aim at the 
central position when saccadic responses are made to a 
target pair consisting of two neighboring, but separated, 
elements. When the two elements differ in visual 
properties, the global characteristics of the configuration 
influence the amplitude of the saccade. If one element is 
larger, then the saccade lands relatively closer to that 
target in comparison with the condition where the two 
target elements are identical (Findlay, 1982). Deubel, 
Wolf and Hauske (1984) demonstrated that the concept 
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of the center of gravity is also valid for various target 
intensities. Increasing the relative intensity of one of the 
two targets has an effect similar to increasing its size. For 
different intensities the data show a linear relationship of 
the saccadic amplitude to relative target intensity. The 
explanation for these effects of size and intensity, and in 
general for the global effect, is perceptual nd related to 
the integration processes involved in extracting the 
stimulus configuration. Deubel et aL (1984) have 
suggested that a spatio-temporal averaging of the retinal 
luminance configuration determines the saccade end- 
point. In this spatio-temporal averaging, eccentricity and 
intensity are equal factors. Indeed, the gaze attraction 
position in these studies is at a point less eccentric than 
the center of gravity (about 10% of the target angle). This 
is explained by the fact that, in the center of gravity, 
higher weight is given to those elements of the 
configuration which are closer to the center of field. A 
weighting by a cortical magnification factor would 
explain the deviation of gaze attraction position in this 
direction (Rovamo, Virsu & Nasanen, 1979). 
Vitu (1991) attributed the tendency of landing position 
distributions tofall to the left of a test word to this cortical 
weighting. The presence of stimuli in the peripheral 
visual field was shown to influence landing position up to 
nine character spaces from the fixation point. The fact 
that the effect was found in this study to be independent 
of whether the test word was masked or visible in 
parafoveal vision suggested that letter information 
extracted from the parafoveal word does not influence 
the landing position. 
However, during text reading it has been found that 
saccade length is influenced by letter information. Thus, 
perturbing word information by masking the letters of 
the parafoveal word shortens the saccadic amplitude 
(Rayner, Well, Pollatsek & Bertera, 1982; Inhoff, 1989). 
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This suggests that saccades are not programmed solely on 
the basis of word boundary information. Moreover, 
Morris, Rayner and Pollatsek (1990) found that, while 
space information is extracted very quickly by the 
saccadic omputation system, the presence of the letters 
of word n + 1 influence how far the eyes moved if this 
information is available arly in a fixation. These results 
suggest that, while the programming of the saccade may 
be influenced by letter information extracted from the 
parafoveal word, the time-course of processing of letter 
and spatial information differs. However, questions 
remain about which properties of parafoveal etter 
information may influence saccadic programming to a 
test word. Studies dealing with the parafoveal preview 
benefit effect have not found evidence that lexical or 
semantic information extracted from the parafoveal word 
contributes tothe saccade length. The critical information 
obtained para-foveally would be sublexical and probably 
related to letter information. 
The present experiments examine how the letters of a 
parafoveal word may be used in the saccadic omputa- 
tion. To test the type of information that may be extracted 
from the letters of a parafoveal word, global and 
linguistic properties of word-initial and -final letters 
were manipulated. Global properties of letters were 
tested by varying the relative intensity of the word-initial 
and -final letters. If a low-level integration process 
determines the saccade ndpoint within words, then the 
weight of word-initial and -final letters in the word will 
depend on their relative intensity. Such an hypothesis 
predicts that the landing position within in a word will be 
deviated towards the most intense letters in comparison 
with an equiluminance ondition in which the intensity of 
the different letters is identical. In addition, we also tested 
whether the information extracted from the word-initial 
and -final letters can be integrated by the saccadic system 
by systematically manipulating the degree of lexical 
constraint imposed by the word-initial and -final letters. 
In the experiments to be presented, the stimulus 
configuration consisted of an isolated target word. Use 
of an isolated word allowed for precise control of the 
eccentricity of the target word and the moment of saccade 
triggering. In the first three experiments, the saccade 
triggering was delayed to improve accuracy of the 
saccade. Data consistent with this idea were obtained 
by Findlay (1981, 1983) and Viviani and Swensson 
(1982), when manipulating saccades indirectly by giving 
different accuracy and speed instructions to subjects. 
Co6ff6 and O'Regan (1987) showed stronger effects of 
delay on saccadic accuracy in the detection of letter 
targets within strings of letters. When the eye saccades to 
a configuration without a well-defined target, as in the 
case of when the target is a word, it is conceivable that the 
system will need more time to generate saccadic 
responses with good spatial resolution. Indeed, a way 
of testing how letter information affects accade size is to 
delay triggering the saccade so that the system is more 
likely to base saccadic responses on feature and letter 
extraction processes. 
EXPERIMENT 1 
The experiment reported here was carried out to verify 
whether the relative intensity of letters within words 
affects the saccadic landing position. If the weight of the 
word-initial and -final letters in the center-of-gravity 
calculation is a function of the relative letter intensity, 
landing positions in words are expected to be deviated 
towards the most intense letters. As the goal of this 
experiment was to determine, first, whether the weight of 
letters is a function of their relative intensity, the degree 
of lexical constraint of the initial and final letters was 
very low to impede the emergence ofany effect related to 
the information derived from these letters. This was done 
by using words that contain frequently occurring initial 
and final letters. For instance, the French word salon is 
considered low constraint because it shares with many 
words its initial trigram sal (salle, saler, salop, salir), and 
its ending trigram Ion (selon, melon, nylon, talon). 
The relative intensity of the initial and final letters of 
five-letter words was manipulated to keep the sum of the 
intensities across letters constant. There were five relative 
letter intensity conditions: the luminance of the first three 
letters was 80%, 70%, 50%, 30% and 20% respectively of
the whole word configuration luminance. 
Method 
Subjects. Twenty students at the University of Ren~ 
Descartes were paid to participate in the experiment. All 
had normal uncorrected vision. 
Stimuli. Stimuli consisted of 75 French, five-letter 
words with medium frequencies ranging from 300 to 
3000. Frequencies were estimated using the printed 
frequency counts of the Tr~sor de la langue Franfaise 
(1971), calculated on a 38 million word corpus. The 
degree of lexical constraint was indexed by counting the 
number of different words listed in the Tr~sor de la 
langue Franfaise (1971) that began with the same initial 
trigram or ended with the same final trigram as the target 
word. This measure of constraint took word length into 
account. The words were low constraint and uninforma- 
tive by their initial and final trigram when both initial and 
final trigram were compatible with more than three 
candidates. In addition, care was taken to select target 
words composed of orthographically regular bigrams. 
The resulting target words were composed of four 
orthographically regular bigrams. The bigram frequen- 
cies indicated on average the number of words of the 
same length sharing a bigram in the same position over 
the corpus of 4232 five-letter French words. The mean 
bigram counts were of 27 for the first bigram, 25 for the 
second one, 22 for the third one and 85 for the fourth one. 
Each test word was associated with a comparison 
word. This comparison word was identical to the test 
word or differed from one letter with the test word. The 
different letters were approximately equally distributed 
among the initial or final letters. 
Design. The design was a five-factorial design in which 
the five relative letter intensity conditions were within- 
subject factors. The word stimuli conformed to a factorial 
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manipulation of five relative letter intensity conditions. 
This determines five sets of stimuli that were constructed 
in such a way that each word was presented under five 
relative letter intensity conditions across the five sets. 
Each subject was exposed to all five relative letter 
intensity conditions but no subject saw the same target 
word more than once. The five relative letter intensity 
conditions were mixed within the experimental session 
and words were presented in random order. 
Apparatus. The stimuli were presented on a Hewlett 
Packard 1310A CRT (P15 phosphor). Removing a 
character esulted in a drop of 10% of maximum 
brightness within 0.003msec. Text characters were 
controlled by a Graphic Translator interfaced with an 
AT386 computer. Letters were lower case formed by 
continuous line segments. One character space equaled 
45 min of visual angle and the subject's eyes were 70 cm 
from the scope. Luminance was manipulated by control- 
ling the number of times the word is displayed. Beam 
character files in the memory of the Graphic Translator 
controlled the display beam. A photometer specially 
designed for a low luminance screen (resolution of 
10 -5 cd/m 2) with an absolute precision of +15% in white 
light was used to measure the apparent luminance of the 
letter line. In the 80% condition the luminance of the 
letter line as measured from the photometer was 7.4 
cd/m 2 for the three initial letters and 2.1 cd/m 2 for the two 
final letters respectively. In the 70% condition itwas and 
6 cd/m 2 for the three initial letters and 4 cd/m 2 for the two 
final letters respectively. In the 20% condition the 
luminance of the letter line of the two initial letters was 
2.1 cd/m 2 and that of the three final letters 7.4 cd/m 2 
respectively, while it was 4 and 6 cd/m 2 respectively in
the 30% condition. In the 50% condition the luminance of 
the letter line of the five letters was 5.3 cd/m 2. The levels 
of luminance were chosen in such a way that the least 
intense letters were visible from the parafovea, while the 
most intense letters were at a comfortable level. The 
apparatus was located in an isolated semi-darkened room. 
As the brightness of letters also depended on the number 
of pixels, the luminance was also measured for the set of 
lower-case letters with the same photometer as pre- 
viously but with a different focus. In this case, the 
luminance field measurements cover the whole letter. 
Care was chosen to select words in which the center of 
gravity of the luminance corresponds to the geometric 
center of the word (3.50, at the middle of the third letter 
of a five-letter word). The mean center of gravity of the 
stimuli used in this experiment was 3.51 (SD = 0.23). 
Eye-movement recording was accomplished by a 
Bouis Oculometer System. The eye tracker has a 
resolution of 6 min arc. The output was linear over 
12 deg of visual angle. The signal from the oculometer 
was sampled every 2 msec. The oculometer was inter- 
faced with the AT386 computer, which controlled the 
experiment. Complete details of the eye-movement 
recording apparatus, calibration procedure, and numer- 
ical data processing which leads to the determination f 
the position of the eye are described by Beauvillain and 
Beauvillain (1995). 
Procedure. Subjects sat in an adjustable chair. To 
overcome rrors due to head movements, we used a 
submaxillar dental print allowing the submaxillar to rest 
without biting. This submaxillar dental print could be 
adjusted for each subject in the three spatial dimensions. 
Along with the forehead-rest, the head stability was 
established in a relatively comfortable fashion. Subjects 
had to fixate a calibration bar displayed at 6 deg left from 
the center of vision in order to check for the accuracy of 
eye movement recording with the last performed 
calibration procedure. Then, the test word was displayed 
at a visual angle of 4.5 deg from the fixation bar. A 
fixation bar was displayed 1.5 character space from the 
end of the test-word. Subjects were required to remain 
fixated on the calibration bar until an asterisk was 
displayed superimposed on the calibration bar. The 
asterisk was displayed 200 msec after the onset of the 
test word. This was the signal to move the eye to the 
stimulus. If the computer detected a saccade before the 
presentation f the asterisk the trial was discarded. Very 
few trials of this type were observed (< 2%) after 
practice. When the eyes crossed an invisible boundary 
located 1.5 character space after the end of the test word, 
the test-word disappeared and a second word was 
displayed 2 character spaces after the end of the test- 
word. Subjects had to do an orthographical comparison 
task: if the second word was identical than the first one, 
they pressed one button and if they were different, they 
pressed a different button. Then, a calibration bar was 
displayed at a visual angle of 6 deg to the right of the 
center of vision and the next trial began. 
Subjects were told at the beginning of the experiment 
that they would be reading isolated words and that the 
words would be displayed with various letter intensities. 
Their task would be to read the word and then to do a 
comparison task on a second word. The experimental 
block of trials was preceded by 50 training trials which 
had the same characteristics. 
Subjects responded correctly in the comparison task 
99% of the time. The number of errors do not show any 
effect of relative letter intensity conditions. 0.9% of 
errors were made in the 80% display condition, 1.2% in 
the 70% display condition, 0.9% in the 50% display 
condition, 0.8% in the 30% display condition and 1.2% in 
the 20% display condition (F < 1). No significant effect 
of the level of luminance of the 'different' letter was 
observed (F < 1). 
Results 
Landing positions. Table I shows the means and cross- 
subject SDs of the position where the eye first lands in the 
word as a function of relative letter intensity. The eye 
landed at a position to be left of the geometric center of a 
five-letter word in the equiluminance (50%) condition. It
was attracted towards the most intense letters when the 
intensity of letters varied within words. This was 
confirmed by the analysis of variance on mean landing 
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TABLE 1. Mean landing positions and real saccade latencies (in msec) as a function of luminance distribution 
Luminance distribution 
80% 70% 50% 30% 20% 
Landing position 2.52 2.74 2.78 2.99 3.09 
(0.59) (0.74) (0.59) (0.77) (0.68) 
Saccade latency 237 240 289 241 232 
(73) (58) (63) (58) (65) 
The luminance distribution shows the relative intensity of the three word-initial letters. Figures in parentheses show SDs. 
positions which revealed significant differences between 
the 80% and 50% display conditions IF(l,15)= 19.31 
P<0.001] and between the 20% and 50% display 
conditions [F(1,15) = 10.36 P < 0.01]. The intermediate 
70% display condition did not significantly differ from 
the 50% one, whereas it differed from the 80% condition 
[F(1,15) = 4.93, P < 0.05]. The intermediate 30% display 
condition significantly differed from the 50% control 
condition IF(l,15)= 11.25, P< 0.05] and did not sig- 
nificantly differ from the 20% condition [F(1,15) = 2.40]. 
Quantitatively, the amplitude of the effect is about a half 
character space between the 80% and 20% conditions, 
and a third-character space between these conditions and 
the equiluminance ondition. The amplitude of this effect 
is greater than the noise level of the eyetracking system 
(+ 6 min arc). An examination of the distributions of 
landing positions (Fig. 1) show that the distributions for 
the different relative letter intensity conditions don't 
overlap, mainly for the 80%, 50% and 20% display 
conditions. While the modes of the 80% and 20% relative 
intensity conditions differ by 1 character space, they are 
respectively ocated 0.5 character space to the left and to 
the right of the equiluminance ondition. 
The data show a tendency of saccades to be deviated 
from the left of the geometric center of words towards the 
most intense letters as a function of their position at the 
beginning or the end of five-letter words. This is 
compatible with the global effect, which predicts a 
deviation of the eye towards the center of gravity of the 
configuration. Qualitatively, the results can again be 
described in terms of the idea of center of gravity since 
the 'greater weight' of the most intense letters results in 
the saccade being directed towards them. The mean 
landing position for all intensities was located to the left 
of the geometric enter of word. It is only for the 20% 
relative letter intensity condition, where the three final 
letters were more intense that the landing position 
corresponded to the geometric enter of word. This 
shows that word-initial etters exert an influence that 
reduces the deviation of the eye towards the most intense 
30 Uninformative-beginning-and-ending words 
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FIGURE 1. Distributions of initial landing positions in five-letter words obtained in Expt 1, as a function of the five conditions of 
relative intensity of the three word-initial letters. Landing Positions are centered at different half letter positions within words. 
Letter Position 0 is the space to the left of the word. In the 80%, 70%, 50%, 30% and 20% conditions, the luminance of the three 
word-initial letters represented 80%, 70%, 50%, 30% and 20% respectively of the whole-word luminance. The 50% condition 
correspond to a condition of equiluminance. 
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word-final letters. This is compatible with the notion that 
in the center-of-gravity calculation, more weight is 
always given to the word-initial etters because of their 
eccentricity. 
Saccade latency. Table 1 also shows saccade latencies 
as a function of relative letter intensity conditions. The 
mean observed latency is 248 msec, i.e. slightly higher 
than the usual mean value of the saccadic reaction time to 
a target (200 msec). Asking the subject to trigger the 
saccade after a 200 msec delay does not guarantee that 
the saccade latencies will be shorter than without an 
imposed elay. This might be attributable tothe fact that, 
in the experimental paradigm, the fixation cross remained 
on with the presentation of the test-word. This is 
equivalent to the 'overlap' condition of Saslow (1967) 
in which, even for dot stimuli, latencies of 200 msec or 
more can be expected. The effect of display conditions 
was significant [F(4,60) = 23.34, P < 0.0001]. The effect 
reflects the fact that latencies were shorter in the 80% 
[F(1,15) = 44.92, P < 0.0001], 70% [F(1,15) = 67.93, 
P< 0.0001], 30% [F(1,15) = 86.58, P< 0.0001] and 
20% [F(1,15) = 92.63, P < 0.0001] relative letter inten- 
sity condition, than in the equiluminance condition. No 
significant difference appeared between the different 
relative letter intensity conditions. 
Discussion 
This experiment confirms that global visual factors 
such as the relative letter intensity affects the landing 
positions in words. We replicated in a word reading task 
the data observed by Deubel et al. (1984) with geometric 
targets. Our data also show that the eye tends to be 
attracted by the most intense letters and that the weight 
given to the letters decrease with eccentricity. Indeed, the 
eye frequently landed in a region left of the geometric 
center of word. Thus, the weight of different letters in the 
center of gravity calculation seems to be determined by 
both the retinal eccentricity and the intensity of the 
different letters. This shows that when the eye saccades to 
a word configuration without a well-defined target, a 
spatial average is made based on the luminance and the 
eccentricity of the different letters to determine the center 
of gravity of the word. 
To explain these results it may be assumed that the 
luminance distribution effect is perceptual nd related to 
the processes involved in extracting the global visual 
factors of the configuration. Thus, saccades hould be 
affected mainly by low-level mechanisms sensitive to 
non-linguistic information. However, as the word-initial 
and -final letters of five-letter words used in this 
experiment were very uninformative, it is not possible 
to determine whether or not the programming of a 
saccade in a word may be influenced by feature-letter o
letter analytic processes concerned with the initial phases 
of the word recognition process. The following experi- 
ment addresses this question by examining the effect of 
luminance distribution when the level of informativeness 
of the word-initial and -final letters is systematically 
manipulated. 
EXPERIMENT 2 
Introduction 
The purpose of this experiment was to test whether 
information derived from word-initial or -final letters 
could influence the saccadic omputation. If so, then the 
level of informativeness of these letters hould influence 
saccadic omputation and modify the influence of word- 
initial and -final letters in the center of gravity 
calculation. To address this question, the level of 
informativeness of the word-initial and -final letters 
was controlled by varying the degree of lexical constraint 
imposed by the three initial and final letters. Two types of 
five-letter words were selected. The Informative- 
Beginning-Uninformative-Ending (IU) words began with 
three initial letters that are not shared by another word 
(e.g. cyg in cygne) while their ending letters are 
found frequently in the language (e.g. gne in cygne). 
The Uninformative-Beginning-Informative-Ending (UI) 
words ended with three letters that are not shared by 
another word (e.g. nil in canif) while their initial letters 
are shared by many words (e.g. can in cani]). The 
procedure was identical to that used in Expt 1. However, 
only the three conditions of relative letter intensity in 
Expt 1 were used, 80%, 50% and 20%. 
Method 
Subjects. Eighteen students at the University of Ren6 
Descartes were paid to participate in the experiment. All 
had normal uncorrected vision. Nine of them had 
participated in Expt 1. 
Stimuli. The degree of lexical constraint was assessed 
in several ways. First, two types of five-letter French 
words were selected according to the frequency of 
occurrence of the trigram at the word beginning or 
ending. Thirty-nine IU words shared their initial trigram 
with no word of the same length + 1 letter (mean initial 
trigram count: 1), whereas they shared their final trigram 
with several words (mean final trigram count: 7). The 
second word type was composed of 39 UI words since 
their initial trigram was shared with four other words 
whereas their final trigram was found in one word. 
Second, these two types of words have the property that 
the informative trigram was composed of two frequently 
occurring bigrams. For IU words, the mean bigram 
counts were of 14 for the first and 10 for the second 
bigram, whereas the mean two final bigram counts were 
of 17 for third and 71 for the fourth bigram. For UI words, 
the mean bigram counts were of 30 for the first, 24 for the 
second bigram, whereas the mean final bigrams were of 
15 for the third bigram and 11 for the fourth bigram. 
Thus, the informative part of the two types of words 
determined one candidate and were composed of two 
relatively infrequent bigrams whereas the uninformative 
part of the two types of words is shared with many five- 
letters words and comprised orthographically regular 
bigrams. 
The members of each word type were closely matched 
on printed word frequency (Tr~sor de la langue 
Frant:aise, 1971). The mean frequency calculated on a 
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TABLE 2. Mean landing positions and real saccade latencies (in msec) as a function of luminance distribution 
for Informative-Beginning-Uninformative-Ending and Uninformative-Beginning-Informative-Ending words 
Luminance distribution 
80% 50% 20% 
Informative-Beginning-Uninformative-Ending wor s 
Landing position 
Saccade latency 
Uninformative-Beginning-Informative-Ending wor s 
Landing position 
Saccade latency 
2.6 2.6 2.7 
(0.84) (0.77) (0.80) 
244 264 244 
(52) (27) (49) 
2.5 2.7 2.9 
(0.76) (0.8) (0.76) 
252 258 248 
(87) (49) (59) 
The luminance distribution shows the relative intensity ofthe three word-initial letters. Figures in parentheses 
show SDs. 
38 million word corpus was 891 for the IU words, and 
1185 for the UI words. As in Expt 1, care was chosen to 
select words in which the center of gravity of the 
luminance corresponds to the geometric enter of the 
word. The mean center of gravity of the IU words was 
3.49 character spaces (SD = 0.13) and that of the UI 
words 3.49 (SD = 0.28). 
Design. The design was a 3 x 2 factorial design in 
which the three relative letter intensity conditions and the 
two types of words were within-subject factors. As in the 
previous experiment, three sets of counterbalanced 
stimuli were constructed so that each word occurred in 
three letter intensity conditions, but only once within 
each set. Subjects were randomly assigned to one of the 
three sets in such a way that no subject saw the same 
target word more than once. 
Apparatus and procedure. Apparatus and procedure 
were the same that described in Expt 1. Subjects 
responded correctly in the comparison task 98% of the 
time. No effect of word type and relative letter intensity 
was found (F < 1). 
Results 
Landing position. Globally, the data replicate the 
relation of landing position to relative letter intensity 
observed in Expt 1, showing that the eye is deviated 
towards the most intense letters (Table 2). The analysis of 
variance revealed significant differences between the 
80% and 50% conditions IF(l,15) = 5.94, P < 0.05], and 
between the 20% and 50% conditions IF(l,15)= 7.4, 
P<0.025]. The effect of the word type was not 
significant (F < 1). A significant interaction between the 
effect of luminance distribution and the type of word 
occurred [F(2,30) = 4.43, P < 0.025]. Whereas an effect 
of luminance distribution is observed for UI words 
[F(2,30) = 16.35, P < 0.0005], there is a strong attenua- 
tion of the luminance distribution effect for IU words 
[F(2,30) = 2.79, P < 0.10]. Indeed, it is only for the UI 
words that the eye is significantly deviated towards the 
most intense letters in the 80% [F(1,15) = 8.97, P < 0.01] 
and 20% conditions [F(1,15) = 5.84, P < 0.05]. Figure 2 
shows the distributions of landing positions for the two 
types of words. Clearly, the relative letter intensity 
appears to have a different influence on UI [Fig. 2(a)] and 
IU words [Fig. 2(b)]. For UI words the distribution tends 
to shift towards the more intense letters. The effect of 
relative letter intensity for these words is very similar to 
that observed in Expt. 1 with Uninformative-Beginning- 
and-Ending words. For IU words the distributions 
overlapped, suggesting that the luminance did not 
influence saccades. 
Saccade latency. Table 2 shows the variation of 
saccade latency as a function of relative letter intensity 
conditions and types of word. The analysis of variance 
shows that the only significant effect to be that of the 
relative intensity conditions. The effect of relative letter 
intensity condition appears to consist of a reduction in 
latency in the case of the 80% [F(1,15) = 8.01, P < 0.025] 
and the 20% relative letter intensity condition 
IF(l,15) = 14.08, P < 0.025]. This effect is smaller but 
in the same direction that the effects observed in Expt 1. 
No effect of the type of word was found (/7 < 1), nor 
interaction between stimulus configuration and type of 
word (F < 1). The reduction of latency in the presence of 
a difference in relative letter intensity is found for the IU 
words IF(l,15) = 6.86, P < 0.025] and for the UI words 
IF(l,15) = 4.94, P < 0.05]. However, for UI words, no 
difference is apparent between the 80% and the 
equiluminance condition. This result differs from Expt 
1 where longer latencies were found in equiluminance 
condition than in 80% and 20% relative letter intensity 
conditions. It seems unwise to interpret his absence of 
effect as Table 2 shows the variability of saccade latency 
is higher for these words. 
Discussion 
The main finding of this experiment is the interaction 
between the effect of luminance and the type of word. 
The luminance ffect observed with UI words replicates 
the effect observed in the previous experiment with 
words that were uninformative by their initial and final 
letters. For these words, the eye is deviated towards the 
most intense letters. For IU words, no deviation towards 
the more intense letters was observed. 
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three word-initial etters represented 80%, 50% and 20% respectively of the whole-word luminance. The 50% condition 
correspond to a condition of equiluminance. 
As the level of informativeness of word-initial and 
-final letters was strictly controlled, the difference in the 
luminance distribution effect between the two types of 
words may be explained by the different position of the 
informative letters within words. For IU words, the 
information derived from the informative word-initial 
letters would be integrated by the saccadic omputation 
system at a level that allows an effect of informativeness. 
This suggests that informative l tters exert an influence 
on the center of gravity calculation that cancels the 
luminance distribution effect. For UI words, the in- 
formative word-final letters are not integrated at a level 
that modifies the saccade ndpoint. As the word-initial 
letters are uninformative, the observed global effect of 
luminance distribution may be regarded as a 'default 
option' operating when no elaborate form of processing 
may be extracted from the nearest letters. These results 
may be accounted for by considering that the processing 
of word-initial letters is more elaborate than that of word- 
final letters because of eccentricity. 
With regard to the process responsible for the effect 
of informativeness of word-initial etters on landing 
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positions, two interpretations may be given. One is 
related to lexical processes operating in the early phases 
of word recognition. According to such a process, the 
identification of word-initial etters should yield suffi- 
cient lexical activation to affect the landing position. 
When the informative value of word-initial letters is 
unambiguous, the eyes should be directed at a spatial 
position that is no longer determined by low-level visual 
factors. However, this interpretation raises a question 
about the underlying mechanisms allowing an effect of 
informativeness of word-initial etters. According to a 
second interpretation of the data, the observed effects 
might be due to intermediate coding between visual and 
lexical levels related to the orthographic encoding of 
word-initial etters. In essence, the informativeness of a 
letter sequence is usually correlated with the fact that 
such informative letters are very unfamiliar in French 
(e.g. cyg in cygne, ozo in ozone). Such informative letter 
sequences hould be particularly salient in that their 
orthographic structure differ markedly from usual letter 
groupings. According to such an hypothesis, the influence 
of these informative letter sequences could be higher than 
that of uninformative ones because they are orthographi- 
cally irregular and very dissimilar to letter grouping used 
in a language. The following experiment tested these two 
alternatives by manipulating the orthographic regularity 
of the informative word-initial etters. 
EXPERIMENT 3 
The purpose of the present experiment was to discover 
the extent o which landing position could be influenced 
by the orthographic regularity of the word-initial etter 
sequence. For that purpose, two types of IU words were 
selected according to the orthographic regularity of the 
two initial bigrams. For the Orthographically-Irregular- 
Informative-Beginning (OI/IB) words (e.g. ozone) the 
mean frequency of use of the two first bigrams oz and zo 
was very low, whereas for Orthographically-Regular- 
Informative-Beginning (OR/IB) words (e.g. firme), the 
mean frequency of use of the two first bigrams fi and ir 
was high. A third type of Orthographically-Regular- 
Uninformative-Beginning (OR/UB) word similar to that 
of Expt i was included. For the three types of words, the 
two final letters were uninformative and orthographically 
regular, as they were shared by many words. Unfortu- 
nately, because of constraint of French, it was not 
possible to achieve this degree of control and still have 
enough stimuli in order to test them in the three relative 
letter intensity conditions used in the previous experi- 
ment. Consequently, only two display conditions were 
used, the 80% and 50% display conditions. 
Method 
Subjects. Sixteen students were paid to participate in 
the experiment. 
Stimuli. Three types of 20 five-letter French words 
were selected according to the degree of informativeness 
and orthographic regularity of their three initial letters. 
Two selection criteria defined the three word types: OI/IB 
words, OR/IB words and OR/UB words. First, as in Expt 
2, for OI/IB and OR/IB words the informativeness of the 
initial trigram was indexed by the fact that no five-letter 
word ( 4- 1 letter) shared its initial trigram. OR/UB words 
shared their initial trigram with many words of the same 
length. Thus, the mean frequencies of the initial trigram 
were 1 for IB words and 8 for the 20 UBs. Second, the 
mean frequencies of the two initial bigrams for OI/IB 
words were 4 for the first and 6 for the second bigram, 
while they were 24 for the first and 22 for the second 
bigram for OR/IB words. The OI/IB words had at least 
one very low frequency initial bigram. The mean 
frequencies of the two initial bigrams of the OR/UB 
words were 57 for the first bigram and 64 for the second 
bigram. 
The three word types had uninformative and ortho- 
graphically regular word-final letters. Thus, the mean 
number of words sharing the same final trigram was 5 for 
OI/IB words, 10 for OR/IB words and 11 for the OR/UB 
words. The mean frequencies ofthe final bigrams were 15 
for the third and 65 for the fourth bigram of OI/IB words, 
19 for the third and 86 for the fourth bigram of OR/IB 
words, 26 for the third and 86 for the fourth bigram of 
OR/UB words. 
The members of each word type were closely matched 
on printed frequency word. The mean frequency was 470 
for OI/IB words, 515 for OR/IB and 545 for OR/UB 
words. The mean center of gravity was 3.52 (SD = 0.17) 
for OI/IB words, 3.51 (SD = 0.25) for OR/IB words, and 
3.53 (SD = 0.25) for OR/UB words. 
Design. The design was a 2 × 3 factorial design in 
which the two relative letter intensity conditions and the 
three types of words were within-subject factors. As in 
Expts i and 2, two sets of materials were constructed with 
materials counterbalanced across relative letter intensity 
conditions. 
Apparatus and procedure. Apparatus and procedure 
were identical with Expts 1 and 2. No error was observed 
in the comparison task. 
Results and discussion 
Landing positions. The mean landing position (Table 
3) showed the expected effect of luminance 
[F(1,14) = 12.29, P < 0.005]. The effect of type of word 
was not significant (F < 1). Again, the data showed an 
interaction between the effect of relative intensity of 
letters and type of word [F(2,28) = 5.60, P < 0.01]. This 
interaction is significant when contrasting OI/IB words 
with OR/UB words IF(l,14) = 5.95, P < 0.01] and with 
OR/IB words [F(1,14)= 11.75, P < 0.0005]. No signifi- 
cant interaction is observed when contrasting OR/IB 
words with OR/UB words (F < 1). Clearly, the data show 
that the luminance ffect only affects the landing position 
of orthographically regular words. A significant effect of 
luminance is observed for OR/UB words [F(1,14) = 9.37, 
P < 0.001] and OR/IB words [F(1,14) = 32.05, 
P < 0.0005]. For these two types of orthographically 
regular words, when the word-initial letters are more 
intense, the eye saccades to a position to the left of the 
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TABLE 3. Mean landing positions and real saccades latencies (in msec) as a function of luminance 
distribution and types of word. 
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Luminance distribution 
80% 50% 
Orthographically-lrregular-lnformative-Beginning words
Landing position 
Saccade latency 
Orthographically-Regular-lnformative-Beginning words
Landing position 
Saccade latency 
Orthographically-Regular-Uninformative-Beginning words 
Landing position 
Saccade latency 
2.5 2.5 
(0.78) (0.94) 
223 243 
(79) (68) 
2.4 2.7 
(0.82) (0.86) 
234 243 
(64) (65) 
2.4 2.7 
(0.97) (1.01) 
233 237 
(71) (69) 
The luminance distribution shows the relative intensity of the three word-initial letters. Figures in parentheses 
show SDs. 
position observed in the equiluminance condition. OI/IB 
words do not show any significant effect of luminance 
distribution (F < 1). The data for these words replicates 
the absence of luminance distribution effect observed in 
Expt 2 with IU words. The distributions of first fixation 
locations how a shift towards the most intense letters for 
OR/UB words [Fig. 3(a)], and for OR/IB words [Fig. 
3(b)]. For OI/IB words [Fig. 3(c)], the relative letter 
intensity appears to have no influence on the distributions 
of landing positions. This experiment clearly replicates 
the interaction observed in Expt 2 between the relative 
letter intensity and the type of words. Mainly, it shows 
that the orthographic structure of the word-initial etters 
influence the saccade ndpoint. It is only in the presence 
of orthographically irregular word-initial letter sequences 
that informative beginning words show no deviation of 
the landing position with the relative letter intensity 
manipulation. Informative word-initial letters exert an 
influence only when they are orthographically irregular. 
The effect of the orthographic structure of the word- 
initial letters appeared in the landing position distribu- 
tions in equiluminance condition as illustrated in Fig. 
3(d). It can be seen in this figure that landing position 
distribution for OI/IB words tend to be further to the left 
than for OR/IB words and OR/UB words. This difference 
of 0.5 character space between the modes of the 
distributions of landing positions for these different ypes 
of word is reflected by significant difference in the mean 
landing positions in the equiluminance condition. Mean 
landing positions for OI/IB words are significantly further 
to the left than for OR/IB words [F(1,14)= 11.93, 
P < 0.005] and OR/UB words [F(1,14) = 5.90, P < 0.05] 
while no significant difference is obtained between OR/ 
IB words and OR/UB words (F < 1). Thus, though the 
amplitude of the mean difference due to the presence of 
irregular word-initial letters is weak (0.2 character- 
space), it is statistically significant and greater than the 
resolution of the eye movement system. 
Saccade latency. Table 3 shows the latencies of the 
saccades as a function of display conditions and the type 
of words. As in the previous experiments, the data 
replicate the effect of luminance on saccade latencies. 
Saccades were made with slightly shorter latencies in 
the 80% than in the equiluminance condition 
[F(1,12) = 10.62, P < 0.01]. No interaction of the effect 
of the luminance distribution with the type of word was 
found (F< 1). So, the presence of different letter 
intensities within words appears to produce a consistent 
decrease in the latency of saccades. However, it must be 
noted that latency decreases amounting to 50 msec in 
Expt 1, while it decreases amounting to 15 msec in Expts 
2 and 3. This might be attributable tothe different context 
of Expt 1 where the proportion of different letter intensity 
conditions was very high (80%). 
The results of the present experiment suggest that the 
influence of a letter sequence at the beginning of word is 
not a function of its degree of lexical constraint but rather 
of its orthographic regularity. Thus, the process respon- 
sible for the relative letter intensity on landing positions 
appears no longer operative when the word-initial letters 
are orthographically irregular. The data of this experi- 
ment may be accounted for by assuming that orthogra- 
phically irregular word-initial letters perceptually 
dominate the word configuration. This interpretation of 
the data agrees with the fact that in the equiluminance 
condition, the weight of word-initial letters in the center 
of gravity calculation determines a slight but significant 
deviation of landing positions further towards the word 
beginning for orthographically irregular than for regular 
words. One possibility for this weak difference between 
the mean landing positions might be that the two 
orthographically irregular initial bigrams of Ortho- 
graphically - Irregular -Informative -Beginning five-letter 
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Letter position in word 
FIGURE 3(a,b). Caption on facing page. 
6 
words were too near the geometric enter of the word to 
significantly deviate the eye from it. If initial irregular 
bigrams have an influence on the center of gravity 
calculation, then the amplitude of the effect should be 
greater by using longer words than those previously used. 
The following experiment addressed this question by 
using seven-letter words within which the position of the 
orthographically irregular bigrams was more further from 
the center of words. 
EXPERIMENT 4 
The purpose of Expt 4 was to get further evidence 
concerning the effect of the orthographic structure of 
word-initial letters on landing positions. The presence of 
an effect of the orthographic regularity of the three word- 
initial letters was tested by comparing the landing 
positions in OI/IB with OR/UB seven-letter words. If 
the influence of the word-initial etters in the center of 
gravity calculation is a function of their orthographic 
structure, then it is expected that the landing positions 
will be more deviated from the center of the word 
towards the word-initial letters for OI/IB words than for 
OR/UB words. In order to test again whether word-initial 
letters influence the landing position, the effect of word- 
initial letters was examined here with smaller eccentricity 
than what had been previously used. Furthermore, the 
experiment was designed to study the effect of the word- 
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FIGURE 3 (opposite). Distributions of initial landing positions in five-letter words obtained inExpt 3 as a function of two 
conditions of relative intensity of the three word-initial letters for the three types of word: (a) OrthographicaUy-Regular- 
Uninformative-Beginning words, (b) Orthographically-Regular-Informative-Beginning words and (c) Orthographically- 
Irregular-lnformative-Beginning words. In the 80% and 50% conditions, the luminance ofthe three word-initial letters repre- 
sented 80%, of the whole-word luminance while the 50% condition corresponds to a condition of equiluminance. (d)Distri- 
butions of initial landing positions in equiluminance ondition for Orthographically-Regular-Informative-Beginning words, 
Orthographically-Irregular-Informative-Beginning words, a d Orthographically-Regular-Uninformative-Beginning words. 
initial letter sequence without any imposed delay in 
saccade triggering. 
Method 
Subjects. Twelve students at the University of Ren6 
Descartes were paid to participate in the experiment. 
Stimuli. The experimental stimuli consisted of 36 
OrthographicaUy-Irregular-Informative-Beginning (OI/ 
IB) and 36 Orthographically-Regular-Uninformative- 
Beginning (OR/UB) seven-letter French words selected 
according the same criterion that in Expt 3. The mean 
frequency of the initial trigram of OI/IB words, 
calculated over the 7417 French seven-letter words, 
was 1, whereas that of the OR/UB words was 28. 
Furthermore, the degree of orthographic regularity of 
informative and uninformative parts was controlled so 
that the informative part was highly correlated with the 
pr sence of infrequent bigrams, whereas the uninforma- 
600 CI~CILE BEAUVILLAIN et al. 
TABLE 4. Mean landing positions and real saccades latencies (in msec) as a function of the two types of word 
Orthographically -Irregular- 
Informative-Beginning 
words 
Orthographically-Regular- 
Uninformative-Beginning 
words 
Landing position 3.3 3.6 
(0.41) (0.42) 
Saccade latency 284 300 
(33.6) (36.9) 
Figures in parentheses show SDs. 
tive part of words was highly correlated with the presence 
of orthographically regular bigrams. For OI/IB words, the 
mean frequencies of the two initial bigrams, calculated 
on a 7417 seven-letter word corpus were 39 for the first 
and 23 for the second bigram, whereas for OR/UB words 
the mean frequencies were 160 for the first and 194 for 
the second bigram. The mean frequencies for the last four 
bigrams of OI/IB words were 31 for the third bigram, 63 
for the fourth bigram, 102 for the fifth bigram, and 364 
for the sixth bigram. In the case of OR/UB words the 
mean frequencies for the last four bigrams were 60 for the 
third bigram, 75 for the fourth bigram, 85 for the fifth 
bigram and 362 for the sixth bigram. 
As in Expts 1-3, the members of each word type were 
closely matched on printed frequency word. The mean 
frequency was 328 for OI/IB words and 336 for OR/UB 
words. The mean center of gravity of the luminance 
distribution was 4.74 (SD = 0.41) for the OI/IB words, 
and 4.75 (SD = 0.31) for the OR/UB words. 
Design. The design was a two factorial design in which 
the two types of words were within-subject factors. 
Apparatus and procedure. Apparatus and procedure 
were nearly identical with previous experiments, except 
for the following points: no delay was imposed in the 
saccade triggering; the eccentricity of the test word was 
2.25 deg corresponding to3 character spaces to the right 
of the fixation point; words were displayed in upper-case 
letters to limit the differences in the global shape of 
letters. Subjects responded correctly in the orthographical 
comparison task 98.5% of the time. No effect of word 
type was found in the number of errors (F < 1). 
Results 
The mean landing positions (Table 4) show an effect of 
the type of word on landing positions in such a way that 
the first saccade lands relatively closer to the word-initial 
letters for OI/IB words than for OR/UB words 
[F(1,11)=13.76, P<0.005]. The mean amplitude of 
the effect (0.3 character space) is slightly greater than that 
observed in Expt 3 in equiluminance condition. The 
distributions of landing positions in Fig. 4 show that the 
eye tends to be slightly more deviated towards the word- 
beginning for OI/IB words than for OR/UB words, with a 
difference of 0.5 character space between the modes of 
the distributions. With regard to saccade latency, no 
significant difference is found between the two types of 
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FIGURE 4. Distributions of initial landing positions in seven-letter words obtained in Expt 4 for both types of words, the 
Orthographically-Regular-Uninformative-Beginning words and the Orthographically-Irregular-Informative-Beginning words. 
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word [F(1,11)=2.94]. It appears that real saccade 
latencies are slightly longer than in the two previous 
experiments using a 200 msec delay in the saccade 
triggering. However, when the comparison is made with 
the saccade latencies observed in the equiluminance 
condition of the Expt 1, the saccade latencies appear to be 
identical. 
Discussion 
The main finding of this experiment confirms that 
word-initial letters have an influence on landing positions 
in equiluminance ondition. The results how that OI/IB 
words resulted in a saccade which is deviated more 
towards the beginning of words than OR/UB words. This 
result confirms the interpretation proposed in Expt 3 
according to which the orthographically irregular two 
initial bigrams of OI/IB words acts by deviating the eye 
towards them. This result makes the reasonable assump- 
tion that the salience of a letter sequence is a function of 
its orthographic rregularity. 
GENERAL DISCUSSION 
The purpose of these xperiments was to test how letter 
information influences accadic landing position. Our 
results indicate that a simple physical stimulus property, 
relative letter intensity, influences landing position. The 
saccade is deviated towards the most intense letters. 
Experiment 2 showed that the effect of luminance 
disappears in the presence of an informative letter 
sequence at the word beginning. Such attenuation of 
the luminance effect was not observed when letter 
sequences atthe word ending were informative. Experi- 
ment 3 showed that the attenuation of the effect of the 
luminance in the informative beginning words is 
essentially due to the orthographic irregularity of an 
informative word-initial letter sequence. The influence of 
an informative word-initial letter sequence is a function 
of its orthographic structure, rather than its informative- 
ness. Experiment 4 provides further evidence that, in 
equiluminance condition, the presence of orthographi- 
cally irregular informative l tters determines a deviation 
of landing positions towards the word beginning. The 
conclusion that emerges from these experiments is that 
the orthographic structure of the word-initial letters may 
influence the landing positions in words. 
In the Introduction, we proposed an explanation of the 
landing position in words as being due to global visual 
factors. The center of gravity idea (Cozen & Hoenig, 
1972; Deubel et al., 1984; Findlay, 1982) is confirmed 
during word reading, making the assumption that the 
weight of the word-initial and -final letters is a function of 
global visual factors, such as their luminance, relative to 
that of the whole configuration. These findings make 
clear that a global averaging takes place in the visual 
processing of the parafoveal word to determine the 
saccade ndpoint. The eyes are directed to a location 
corresponding to some sort of 'center of gravity' of the 
word with more weight being given to letters as a 
function of their luminance and eccentricity. The 
interesting finding of these xperiments is that the global 
effect observed in the case of saccades to a single word 
can be regarded as a default option operating when no 
other specific ues may be extracted from the parafoveal 
word. The present result show that the presence of an 
orthographically irregular letter sequence at the word- 
beginning influences the saccade computation i such a 
way that it cancels the luminance distribution effect. This 
suggest hat the orthographic properties of the initial 
letter sequence is extracted from the parafoveal word 
configuration and exert an influence on the saccadic 
computation system. 
According to this interpretation, the influence of a 
letter sequence in saccadic amplitude computation is a 
function of its similarity to typical etter sequences in a 
language. When the orthographic encoding process 
detects unusual letter groupings, this provides a salient 
signal for the saccade. An explanation of this result might 
be that readers' knowledge of orthographic rules causes 
saccades to be directed towards unusual letter groupings. 
The initial placement of the eyes within a word could be 
determined by a letter extraction process that may allow 
the instantaneous discrimination of salient letter group- 
ings in the whole word configuration. This might refer to 
preattentive ision, as described in the work of Julesz and 
Bergen (1983) reflecting a system that acts instanta- 
neously and discriminates differences. Thus, it has been 
shown that when subjects accades to a complex visual 
scene, the salience of a stimulus in saccade amplitude 
computation should be a direct function of its dissim- 
ilarity to the background (Deubel, Findlay, Jacobs & 
Brogan, 1988). Thus, edges and boundaries between two 
types of regions of different texture (Deubel et al., 1988) 
or between two types of targets (Findlay, 1992) provide a 
signal of high salience into the center of gravity 
calculation. 
The present results uggest that the code for the word 
would be abstract and related to reader's knowledge of 
the orthographic structure of words in his language. 
Another plausible interpretation might be to consider that 
the initial placement of the eyes should be influenced by 
the frequency of letters rather than by that of letter 
sequences. Indeed, the positional frequency of letters in 
orthographically irregular bigrams is lower than in 
orthographically regular bigrams as, by that very fact, 
very few words share these letters at a given position. 
Thus, it could be advanced that infrequent letters rather 
than infrequent bigrams at the word beginning provide a 
salient signal for the saccade. This hypothesis is not 
supported by recent experiments esting the effects of 
orthographically irregular bigrams on landing position in 
nonwords when the positional frequency of letters was 
varied. Indeed, the data suggest that the eye is deviated 
towards the irregular initial bigram even it is composed of 
high frequency letters (Beauvillain & Dor6, 1996). 
Our data cannot be accounted by a mechanism 
directing the eyes to a position in a word that coincides 
with the point at which they need to get further 
information about the word given that the first letters 
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have been processed. A mechanism directing the eyes to 
a position in a word that is a function of the lexical 
information extracted from the word-initial letters would 
have predict longer saccades when the word-initial letters 
were informative than when they were uninformative. 
Experiments 3 and 4 contradict such an hypothesis n that 
the saccade was shortened rather than lengthened when 
the word-initial letter sequence was informative and 
orthographically irregular. 
It is important to note that the interpretation f the data 
does not agree either with the notion of parafoveal 
guidance of the eyes to locations containing information 
as it was proposed by Underwood, Clews and Everatt 
(1990) to interpret data showing that landing positions in 
Uninformative-Beginning-Informative-Ending words are 
further into the words than in the case of Informative- 
Beginning-uninformative-Ending words. According to 
Underwood et al., readers use partial recognition of letter 
and word features to direct their eyes to where the useful 
information is. However, the initial letter sequences of 
the Informative-Beginning-Uninformative-Ending words 
used by Underwood et al. were generally orthographi- 
cally irregular whereas that of Uninformative-Beginning- 
Informative-Ending words were orthographically regu- 
lar. Thus, the difference observed in the landing positions 
between the two types of words may be explained by the 
differences in the orthographic structure of the word- 
initial letter sequences. 
In the present experiments, the subject has to direct his 
eyes to a target word in which we systematically 
controlled the visual and linguistic properties of the 
word-initial and -final letters, while the eccentricity was 
held constant. An implication of the present results 
concerns the relation between the oculomotor system and 
the word recognition process. The current study suggests 
that at least one aspect of eye guidance is influenced by 
linguistic information available from the word initial 
letters of a parafoveal word. It should be pointed out that 
the relatively small amplitude of the observed effects 
might argue against an effect of any importance in the 
word recognition process. A stronger test would involve 
the specification of the time-course with which different 
types of visual and linguistic information are obtained 
from parafovea nd the demonstration that the integration 
of the word-initial etter information that influences the 
positioning of the eyes is used to initiate the identification 
of the parafoveal word. 
Do the results have any significance for the situation of 
reading? Reading studies that have addressed the 
question of the properties of the text that influence the 
saccadic programming have shown that the word length 
is the major determinant of where the eyes land in words. 
Thus, when the launch sites are held constant, the 
amplitude of the word length effect was amounting to 
approx. 0.4 character space for a difference in word 
length of 1 character space (McConkie, Kerr, Reddix & 
Zola, 1988). Nevertheless, a study conducted by Inhoff 
(1989) showed that saccade computation i reading is not 
programmed solely on the basis of word length informa- 
tion. Thus, significant differences in the saccade length 
was found when the letter of a parafoveal word are 
available rather than masked. The amplitude of the 
saccade length obtained was amounting to 0.2-0.6 
character space. One way to explain such a pattern of 
results in reading is to assume that word length exerts 
robust effects on saccade size because such an informa- 
tion is processed very rapidly in parafovea. Linguistic 
information from the parafoveally available word may 
also affect saccade computation only if it may be 
available in sufficient strength during the fixation in the 
preceding word. 
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